INTRODUCTION
Litter size in swine is determined by the ovulation rate, the quality of*the ovulated eggs, the ability of the eggs to become fertilized and develop into viable zygotes and the abil ity of the uterus to receive and implant the embryos and carry them through pregnancy. Although a certain amount of embryonic death occurs throughout pregnancy, a particularly critical stage in the development of the embryo occurs at the time of implantation. It is also during this time that the fate of the corpora lutea is determined. These glands remain functional for a relatively short interval in the non-fertile cycle but continue to persist in the event of pregnancy. Progesterone, the hormone of the corpus luteum, is necessary for the establish ment of pregnancy and the presence of the embryos is associated with the increased functional life of the gland. Thus, abberations in this relationship may be associated with the higher incidence of embryonic death at this time. The objective of this study was to investigate the effects of feeding level and an orally effective progestin on reproductive performance in swine, %n vitro studies of the changes occurring in the uter ine endometrium with respect to.progesterone metabolism were also conducted to investigate differences between the pregnant and non-pregnant state at the time of implantation.
LITERATURE REVIEW Embryonic Survival
Attention was first drawn to the high incidence of em bryonic mortality in pigs by Hammond (1921) who described the death of embryos in the latter stages of gestation. Corner (1923) concluded that embryos may suffer degeneration and abnormality in uteri which are free of disease. These studies indicated that prenatal loss in, the pig is approximately 30 percent. In sows and gilts, it is estimated that the fertili zation rate approaches 95 to 100 percent (Perry and Rowlands, 1962; ; therefore, embryonic death is an important factor in reproductive performance. Warnick ^ al. (1951) present evidence that a complete lack of fertilization is only a minor cause of repeat breeding in gilts. A compari son of the ovulation and fertilization rates in slaughtered gilts with the conception and farrowing rates of their sisters indicated that embryonic death is an important cause of the discrepancy between ovulation rate and litter size. Casida (1953) has estimated that 37 percent of all embryos actually formed died before birth. Perry (1954) , after an extensive study of slaughterhouse material, concluded at least 40 percent of all ova ovulated are lost before parturition. Examination of the material revealed that about 85 percent of the loss was incurred during the first half of gestation and approximately 75 percent was incurred before the 25th day. It was suggested that most of the embryon ic loss probably occurs at about the time of implantation be tween the 10th and 20th day. Lerner ^ aX, (1957) observed 25 percent embryonic mortality in gilts slaughtered on the 17th day compared with 33 percent mortality in gilts slaughtered on the 25th day. This suggested that the greater part of the mortality had occurred even before the 17th day. After examin ing sows at different stages of gestation, similar results were reported by Pomeroy (I960) . An over-all loss of 38 percent of the ova was noted and the bulk of this loss had occurred by the end of the third week of pregnancy.
It is clear from these investigations that most of the loss occurs by the 25th day of pregnancy. Implantation has been completed and the embryos have developed sufficiently to be evaluated for gross abnormalities, thus this time may be con veniently chosen for necropsy.
The influence of level of nutrition on embryonic death in the pig has been investigated extensively. Continuous unlimited feeding or a high plane of nutrition has been found to increase the ovulation rate but also to increase the embryonic death up to 25 days (Robertson et 1951; Christian and Nofziger, 1952) . Self ^ al. (1955) observed an increase in ovulation rate following a short period of full feeding. In two trials, embryonic death of 68 percent and 47 percent was observed in full-fed gilts compared with 43 percent and 20 percent for corresponding limited-fed animals. On a full-feeding program, Haines _et al. (1959) reported 22.1 percent embryonic death at 25 days compared with 11,6 percent under limited feeding.
Similar effects on embryonic death were reported by ; however, ovulation rates on high and low levels of energy intake were found to be comparable. Sorensen ^ al. (1961) reported that gilts on a high energy ration ovulated I.3 more ova than did animals on a low energy ration. Embryonic survival was 56,9 percent in the high energy group and 71,8 per cent in the low energy group, McGillivray _et £l. (1962) found an average of 9,5 viable embryos in animals which were starved for a duration of 12 days before mating until slaughter at days 25 to 30, Corresponding animals receiving a normal feed in take during this period exhibited an average of 10,1 viable embryos and animals on a high energy intake had an average of II,9 living embryos. In another study McGillivray ^ al, (1963) found no appreciable difference in embryonic survival in animals fed a high energy intake post-breeding compared with animals re ceiving a normal energy intake.
The importance of progesterone in the establishment and maintenance of early pregnancy is well established (Allen and Corner, 1929) ; however, it is possible that progesterone may not always be at the appropriate level or in the proper ratio with other hormone levels. This has prompted several investi-gâtions of the effects of exogenous progesterone on embryonic survival in swine. In a study on intact gilts, Reddy et al. (1958) demonstrated a decrease in embryonic mortality following the administration of progesterone and estrone. It was report ed that a 1:1000 ratio of estrone and progesterone was decided ly inferior to a 1:2000 ratio in reducing early embryonic mortal ity. Using ovariectomized gilts as experimental animals, Day et al. (1959) also demonstrated the significance of a proper estrogen-progesterone ratio in the maintenance of pregnancy.
Thirteen out of 17 bilaterally ovariectomized animals injected with 100 mg. of progesterone and 50 meg. of estradiol benzoate per 100 lbs. body weight were pregnant at slaughter. Embryonic mortality in these animals was 11 percent less than that ob served in intact gilts.
In a study of the effects of energy intake and exogenous progesterone on prenatal survival, Haines e_t £l. (1958) found that neither the ration nor the hormone treatment had a sig nificant influence on the number of embryos, live pigs or embryonic survival. The effects of an implant containing estra diol benzoate and progesterone caporate in a 2000:1 ratio was investigated by Day ^ al., (1963) . No statistically signifi cant improvement in embryonic survival was observed although there was a trend toward increased litter size.
The administration of an orally active progestin was found to cause a significant reduction in embryonic mortality only when mortality of the control animals approached the 30 to 35 percent level (Morrissette et al, 1963) . Animals given 1 mg.
of 17-cl-acetoxyprogesterone and 0.5 meg. diethylstilbestrol per pound of body weight exhibited an average of 3.39 dead embryos compared with an average of 4.89 dead embryos in the control group.
Exogenous progesterone has also been found to increase embryonic death (Spies et al. 1959 (1961) demonstrated that daily treatment with progesterone and chorionic gonadotrophin pro tected pregnancy in fasted mice. Pregnancy was maintained six days longer in the treated mice compared with control mice fasted from the end of the third to fifth days after mating.
It was suggested that the pathogenesis of embryonic mortality caused by fasting involved a failure of hypophyseal gonadotrophic function.
Luteal Function
Following ovulation the ruptured follicle undergoes luteinization and is transformed into a corpus luteum. The mammalian corpus luteum represents a transitory gland of in ternal secretion, the main function of which is the production of progesterone. These glands remain functional for a rela tively short interval in the non-fertile cycle but continue to persist in the event of pregnancy. Continued function of these glands is necessary for the maintenance of pregnancy in the pig, du Mesnil du Buisson and Dauzier (1957) found that ovariectomy at any stage of gestation leads to abortion in the sow. Duncan et al. (1961) found that progesterone concentration of luteal tissue was highest 48 days after conception. It has also been demonstrated that significantly more progesterone is present in the peripheral blood of pregnant pigs during the first twothirds of pregnancy-than in non-pregnant females in the midluteal phase of the cycle (Short, I960) . Although prolonged function of the corpora lutea is associated with pregnancy, little is known of the factor or factors involved in determin ing the life span of these glands.
Although prolactin has been identified as the luteotrophic hormone in the rat, it is not luteotrophic in the sheep (Moore and NalbandoV; , cow (Smith et al., 1957) nor in the pig (Sammelwitz et al,, 1958; Duncan ^ al., 1961; du Mesnil du Buisson _et , 1964) . Brinkley et (1964) found that hypophy seal blockade achieved by high daily doses of progesterone which began on the day of ovulation was unable to prevent the formation of morphologically normal corpora lutea. It was suggested that the hypophyseal hormone necessary for corpus luteum maintenance is released either before or simultaneously with the release of LH. du Mesnil du Buisson and Leglise, (1963) found that hypophysectomy of pigs on the first day of estrus prevented neither ovulation nor the formation of corpora lutea, Hypophysectony during the luteal phase of the estrous cycle did not induce the early regression of the corpora lutea.
It has been known for several years that luteal regression is delayed in many species following removal of the uterus.
An extensive review of this subject has been presented by Reynolds (1949) . Loeb (1923) observed an increase in the life span of corpora lutea in the guinea pig following hysterectomy during the luteal phase of the estrous cycle. An extension of this work was done by Rowlands and Short (1959) who observed appreciable amounts of progesterone in the persisting corpora lutea. Hysterectomy of the gilt during estrus or days 5, 10 and 14 resulted in maintenance of the corpora lutea (Anderson ^ al. 1963) . These glands also persisted in a majority of animals hysterectomized at day 16; however, removal of the uterus at day 18 was followed by estrus and ovulation in a few days. Autotransplants of the uterus in pigs (Anderson ^ al. 1963) or in guinea pigs (Butcher ^ 1962) resulted in a nor mal or only slightly prolonged estrous cycle in these species. Bradbury al. (1950) have stated that in some species apparently there are luteolytic substances, especially in the endometrium, which hasten involution of corpora lutea in non-fertile cycles, Duncan et £l. (1961) found that aqueous prep arations of endometrium from uteri obtained on days 12 and 13 of the estrous cycle were capable of increasing progesterone production by the gilt corpus luteum in vitro, whereas prepara tions made from uteri obtained on days 16 and 18 had an inhibi tory effect on steroid synthesis.
A local action of the uterus on the corpora lutea is sug gested by results of du Mesnil du Buisson (1961) . In gilts mated following severing one horn from the uterine body, early failure of pregnancy occurred in the intact horn. Pregnancy was maintained if the nongravid horn was removed by day 14;
however, the pregnancy was terminated if the sterile horn re mained after day 16, Anderson ^ al, (1965) 
Progesterone Determination
Progesterone analyses were based on a procedure utiliz ing 957o ethanol extraction, aluminum oxide column adsorption chromatography, thin layer chromatography and ultra-violet ad sorption spectrophotometry. Tissues were homogenized and ex tracted for three one-hour periods with 75 ml. of 95% ethanol at 75°C. The ethanol extracts were then prepared for aluminum oxide column adsorption chromatography described by Duncan (1961) . Following evaporation to dryness under reduced pressure, the 25% chloroform-n-hexane fraction from the column was trans ferred to a conical centrifuge tube with five 2 ml. volumes of n-hexane and then dried under a stream of nitrogen.
Thin-layer chromatography isolation of progesterone was based on the procedure described by Armstrong et al. (1964) . The reproductive tracts were obtained immediately after slaughter and all processing prior to incubation was carried out at 4°C. The endometrium was scraped from the uterine cornu, placed in a beaker and thoroughly chopped with fine scissors.
Five-hundred mg. samples of the preparation were distributed among the incubation vessels, each containing 5 ml. of chilled Krebs-Ringer bicarbonate buffer and 10 mg. of glucose. Onetenth ml. of 95% ethanol containing 50 meg. of standard pro gesterone was added to the vessels. Control samples for de termination of steroid recovery were prepared along with those to be incubated but were placed in 75 ml. of 95% ethanol be fore addition of the progesterone standard. Incubations were carried out with shaking for 2 or 4 hours at 37°C. in a Dubnoff metabolic incubator in an atmosphere of 95% oxygen and 5% car bon dioxide. Immediately after incubation the contents of the vessel were transferred to a flask containing 75 ml. of 95% ethanol, extracted and subsequently analyzed for progesterone as previously described. The time interval between slaughter and beginning of incubation was less than one hour.
RESULTS AND DISCUSSION

Embryonic Survival
The results of the first two experiments are summarized in The data from Experiment 1 indicate that ovulation rate can be increased by a higher feed level following a period of restricted feeding. Since little difference in ovulation rate was observed in Experiment 2, it appears that a near fullfeeding regime is necessary to elicit a significant response.
Although embryonic survival in Experiment 1 was not appreciably affected by feeding level, a definite treatment effect was ob served in Experiment 2. These results may be partially ex plained on the basis of the different high level treatments in the two experiments. Animals receiving the different treatments were individually fed but were maintained in the same pen.
Thus, when some of the animals were receiving a near fullfeeding level as in Experiment 1, the occurrence of coprophagy may have had a greater influence on the response of animals on the low level.
Several groups of workers have demonstrated that continu ous unlimited feeding or a high plane of nutrition increased the ovulation rate but also increased the embryonic death up to 25 days (Self et al., 1955; Haines et al,., 1959) . The high feed levels investigated in this study had no adverse effect on embryonic survival. However, the treatments were imposed for a relatively short time following a limited feeding period. Furthermore, the high feed level in Experiment 2 was comparable to the limited feeding levels (50 to 70% of the full-fed rate) in the above studies.
Reduced embryonic survival in animals on the low feed level suggested the presence of an intrauterine environment amenable to hormone administration. This prompted an investi gation of the effect of an orally effective progestin on embryon ic survival and luteal function in limited-fed animals. The data presented in Table 2 show that one H gilt, four L gilts and six L+KAP gilts were not pregnant at slaughter. Animals ^MAP administered from the 4th day after mating until slaughter. ^Mean -S.E. Coefficients of variation are as follows: number of corpora lutea, 13,7; number of embryos, 13.1; total luteal weight, 5,0; progesterone con centration, 13,1 and total luteal progesterone, 24,4, Morrissette ^ (1963) All animals not pregnant at slaughter which were treated with MAP did not exhibit estrus during the treatment period.
Thus, a level of 75 mg. was sufficient to modify pituitary function under these experimental conditions. Cystic follicles were also observed in each of these animals at slaughter. The cysts were 1 to 3 cm. in diameter and some were partially luteinized.
No statistically significant difference due to treatments was found in luteal progesterone concentration. However, the These results provide further evidence of the biochemi cal changes occurring in the endometrium during the late diestrual phase of the cycle. Duncan ^ aj., (1961) found that aqueous preparations of endometrium from days 12 and 13 of the cycle stimulated in vitro synthesis of progesterone by luteal tissue, whereas preparations obtained on days 16 and 18 had an inhibitory effect on steroid synthesis. Cooper and Hess (1965) also demonstrated that uterine extracts from the guinea pig in hibited progesterone synthesis by ovarian tissue. The effect of the uterus on luteal activity in vivo has been well estab lished. Corpora lutea in gilts following hysterectomy are not only functional in terms of their capacity to synthesize pro gesterone in vitro but also increase in activity beyond their pre-hysterectomy status (Duncan ^ , 1961) . Bradbury ^ al. (1950) suggested that in certain species there are luteolytic substances associated with the endometrium which hasten involu tion of corpora lutea in non-fertile cycles. Removal of this luteolysin by hysterectomy would then be associated with con tinued persistence of the corpora lutea. Table 5 .
The addition of 20 meg. luteinizing hormone (LH) or 200 meg.
follicle stimulating hormone (FSH) had little effect on pro gesterone utilization by the endometrium. However, addition of 1000 I. U. chorionic gonadotropin (HCG) to the media re sulted in a marked inhibition of progesterone utilization.
Since this concentration is beyond physiologic levels, the biological significance of this effect is not clear. The inhibitory activity may be due to non-specific substances present in the gonadotrophin preparation. Preliminary investi gations showed that 100 I. U. HCG had no inhibitory effect.
An inhibition of progesterone utilization was also ob served following incubation of embryos with the endometrial preparations. Since no significant change in progesterone re covery was noted following incubation of embryos in the absence of endometrium, it may be concluded that the embryos them selves neither synthesized nor utilized appreciable quantities of progesterone under these in vitro conditions. The effect of the embryos on the endometrium may be mediated through meta bolic Segregation products or non-specific toxicity. The ratio of embryonic and endometrial tissues used in this study is not proportional to that occurring im utero. However, any change elicited by the embryo on the endometrium vivo has an oppor tunity to occur over a period of time which cannot be duplicated in vitro.
In a study of the factors determining the cessation of corpus luteum function in rats, deJongh and Wolthuis (1964) found that there was no difference between ovariectomized and ovariectomized-hysterectomized rats in regard to their vaginal smears after injection of estradiol alone. When both estra diol and progesterone were injected, the estrogenic effects of the latter group were inhibited. The authors suggested that the uterus does not utilize measurable amounts of estro gen but that it does utilize considerable quantities of pro gesterone. Results of this investigation would tend to sub stantiate this hypothesis and further suggest that this utilization is greatest during the period of luteal regression.
The significance of this utilization on luteal regression in vivo remains to be determined. It is possible that these in vitro results are an expression of a multiplicity of un defined cyclic changes occurring in the endometrium.
SUMMARY
A series of experiments was conducted to obtain informa tion on the factors associated with embryonic death in swine.
Two experiments were designed to investigate the effect of two feeding levels on ovulation rate and embryonic survival. In creasing the feeding level from 1.82 kg. per day to 3.63 kg.
per day for a duration of one estrous cycle before breeding resulted in an average of three more ovulation points per gilt. These results provide further evidence of the biochemical changes occurring in the endometrium during the period of luteal re gression.
